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Abstract
We show that Supercritical-String-Cosmology (SSC) off-equilibrium and time-dependent-dilaton effects lead to a smoothly evolving dark
energy for the last 10 billion years in concordance with all presently available astrophysical data. Such effects dilute by a factor O(10) the
supersymmetric dark matter density (neutralinos), relaxing severe WMAP 1, 3 constraints on the SUSY parameter space. Thus, LHC anticipated
searches/discoveries may discriminate between conventional and supercritical-string cosmology.
© 2007 Elsevier B.V. Open access under CC BY license.1. Introduction
It is not a secret that the Universe is presently expanding in
an accelerating mode. Evidence from the SnIa projects [1] and
WMAP 1, 3 [2] is accumulating in a rather impressive pace,
confirming the existence of dark energy, the fuel that drives ac-
celeration, and shedding light on its properties.
Fundamental issues, such as the time-(in)dependence of the
dark energy, its equation of state (w-parameter) and its present
value, suspiciously close to the critical or matter density, start
to get illuminated.
In a nutshell, recent data indicate that for the last 9 billion
years (z < 1.6) rapidly evolving dark energy is ruled out, while
negative pressure (w < 0), the hallmark of dark energy appears
to be present.
It is a common secret, at least among theorists, that such
properties, as indicated above, of dark energy is not exactly
a bowl full of cherries. Concentrating on critical string theory
or, its up-grading, M-theory, that provides a rather solid frame-
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Open access under CC BY license.work for quantum gravity and cosmology, it is well known that
a “cosmological constant” or even an expanding Robertson–
Walker–Friedman (RWF) Universe is not easily admissible.
The basic steps for a correct formulation for an expand-
ing RWF Universe in string theory were taken in [3], where
the crucial role of a time-dependent dilaton field, actually lin-
ear in time, has been emphasised, thus establishing Supercrit-
ical String dilaton Cosmology (SSC) [4,5]. That led naturally
to dissipative Liouville-string cosmology or Q-cosmology [6–
8], involving super (non-)critical string [3] cosmological back-
grounds, with the identification [9] of target time with the
world-sheet zero mode of the Liouville field [10]. Such cos-
mologies were found to asymptote (in cosmic time) the confor-
mal backgrounds of [3], which are thus viewed as equilibrium
(relaxation) configurations of the non-equilibrium cosmologies
[6,8]. This implies relaxation of the associated dark energy of
such cosmologies and a gravitational friction associated with
conformal theory central charge deficit Q. For a recent review
we refer the reader to [8] where concepts and methods are out-
lined in some detail.
In this Letter, we concentrate on the Supercritical-String
Cosmological (SSC) off-equilibrium and/or time-dependent
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abundances and the associated particle-physics phenomenol-
ogy [11]. We show first that off-equilibrium supercritical
string cosmologies, which notably are consistent with the cur-
rent astrophysical data from supernovae, as demonstrated re-
cently [12], predict a rather smoothly evolving dark energy at
least for the last nine billion years (0 < z < 1.6), in accordance
with the very recent observations on supernovae [13]. We then
proceed to show that recent WMAP 1, 3 [2] severe constraints
on the available phase-space distribution of favourite supersym-
metric dark matter candidates [14], namely the neutralinos [15]
are relaxed when off-equilibrium effects, are considered. Actu-
ally, we find that the neutralino (dark matter) density is diluted
by a factor O(10), while the baryon density is diluted by a fac-
tor O(1)(!). Thus, neutralino dark matter enhances its odds and
LHC has more available SUSY parameter to exploit.
2. Solving the super-critical string cosmological equations
The dynamical equations in the framework of the Supercrit-
ical String Cosmology (SSC), and their derivation, have been
given in a previous publication [7], where we refer the inter-
ested reader for details. We repeat here only the final result
for the sake of completeness. By combining the available non-
critical string equations we can cast them in the form of a first
order dynamical system taking as variables Hˆ ,φ, φ˙,Q, ˜m.
Q is the central charge deficit and ˜m the densities of all species
involved with the exception of the dilaton energy density which
has been already counted for:
φ¨ = −2Hˆ 2 − 3Hˆ φ˙ − eφQ(φ˙ + Hˆ ) + 1
2
(˜m + p˜m),
3 ˙ˆH = −Hˆ 2 − 2φ˙2 + eφQ(φ˙ + Hˆ ) − 1
2
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The above equations have been expressed in terms of the di-
mensionless Einstein time [3] tE which is related to the cosmic
time t of the RWF Universe through [7] tE ≡ ωt . ω is in prin-
ciple arbitrary and it has dimensions of inverse time. The hat-
ted density and pressure appearing above are actually the cor-
responding quantities multiplied by 8πGN/ω2. A convenient
choice is ω = √3H0 where H0 is the Hubble constant which
by defining the rescaled Hubble constant h0 can be written asH0 = 1.022 × 10−10h0 yr−1. With this choice for ω the hatted
quantities are scaled with the critical density ρc = 3H 20 /8πGN .
In this system of units one year of cosmic time corresponds to
tE = 1.292 × 10−10 and one second to tE = 4.097 × 10−18.
Thus in one unit of the Einstein time we can encompass almost
the whole Universe history! In practise this means that any ef-
fort to get reliable numerical results should be based on a very
fine coarse-graining of tE . Viewed from this point the use of
the redshift as an independent variable is more efficient for the
numerical manipulations. One has merely to convert the deriva-
tives with respect tE to those with respect the redshift z in order
to have the equations in terms of the redshift. The Hubble func-
tion in the Einstein frame Hˆ is defined by Hˆ = d lna/dtE , and
is related to the Hubble expansion rate of the ordinary cosmol-
ogy H through Hˆ = H/ω. With the value for ω quoted above
its today value is Hˆ |today = 1/
√
3. The equation relating the
Hubble expansion rate to the densities of the various species
involved receive, in this system of units, the following form:
(2.2)3Hˆ 2 = Ω + Ωφ + Ωn.c.,
which is not an independent equation since it follows by com-
bining Eqs. (2.1). In Eq. (2.2), Ω is the sum of the ratios of
the densities of the radiation and any sort of matter to the crit-
ical density ρc, while Ωφ , Ωn.c. are the corresponding quanti-
ties for the dilaton field and the non-critical terms respectively.
The latter are certainly absent in the critical string theory. We
recall that the critical density is ρc = 8.097 × 10−11h20 eV4.
Ω includes the density of the radiation given by Ωrh20 =
4.063 × 1045geff (T /GeV)4. For temperatures less than 1 MeV
only photons and neutrinos contribute and geff = 2.91. To-
day, TCMB = 2.725 K = 2.349 × 10−13 GeV, and Ωrh20 =
3.59 × 10−5, of which 2.47 × 10−5 is carried by photons and
1.12 × 10−5 by neutrinos. In addition to the radiation, Ω in-
cludes the contributions of the non-relativistic matter and per-
haps other forms of matter which we call “exotic” and we as-
sume that they directly feel the effect of the non-critical terms.
Every species is subject to a different continuity equation de-
rived from the third of Eqs. (2.1), which is actually the conti-
nuity equation, and it includes all species involved within the
density ρ˜m. To be more specific, assuming an equation of state
for the matter w = 0, radiation w = 1/3 and “exotic” matter [7,
8,12], which is the remaining part in the energy density that di-
rectly feels the effect of the non-critical terms with unknown w
parameter, one has three equations. This covers the more gen-
eral situation. One can of course abandon the idea of the exotic
matter by adding matter and exotic matter and attributing w = 0
to the exotic piece as well [7].
One should note that the continuity equation for the radiation
density ρr depends neither on the dilaton nor on the non-critical
terms and retains the form of the traditional no-dilaton cosmol-
ogy which entails to ρra4 = const. However matter, w = 0,
does feel the effect of the dilaton dynamics. In fact matter ρM
and radiation ρr satisfy the following continuity equations:
ρ˙M + 3HˆρM − φ˙ρM = 0,
(2.3)ρ˙r + 4Hˆρr = 0.
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(dashed–dotted red line), the deceleration (dashed blue line), the rescaled Hub-
ble expansion rate (dashed–double dotted grey line) and the derivative of the
cosmic scale factor (solid green line) as functions of the redshift in the range
0 < z < 1.6 are displayed. Their values refer to the left y-axis. The ratio |q|/g2s
is also displayed (dotted brown line) with values on the right vertical axis. (For
interpretation of the references to colour in all figures legends, the reader is
referred to the web version of this Letter.)
This holds even in the absence of the non-critical terms, as is the
case of critical-strings dilaton cosmologies [5,7,11]. This can
be seen from the third of Eqs. (2.1) if the last term in it, which
is the contribution of the non-critical terms, is omitted and the
charge Q is set to a constant. The exotic matter is obeying an
equation of state which is read from the same equation, assum-
ing an equation of state pe = weρe relating its pressure pe to its
density ρe, and it is affected by both dilaton and the non-critical
terms. For lack of space we do not present it here.
Before embarking on discussing the details of our compu-
tation we should remark that the parameter w ≡ we of exotic
matter is the only free parameter in this consideration and any
choice for it leads to a different prediction which oughts to com-
ply with the current astrophysical observations. Of special im-
portance are the current data from supernovae observations [13]
which predict a rather smooth evolution of the dark energy, at
least in the regime 0 < z < 1.6, and cosmological models based
on string theory should agree with this observation. This infor-
mation comes as an additional constraint, the other being the
behaviour of the acceleration of the Universe which according
to the existing data is started at redshifts z ∼ 0.20. As a sneak
preview, in Fig. 1 we display the behaviour of the Dark En-
ergy (DE) for redshift values 0 < z < 1.6 assuming that DE
is carried by the dilaton and the non-critical terms. It is re-
markable that such a smooth evolution follows only for values
of w in the vicinity of w  0.4, which we assume in the fol-
lowing, and therefore w is fixed by these data. This could not
have been foreseen. What is equally important, as we will dis-
cuss later, values of w in this range affect the supersymmetric
prediction for Dark Matter (DM), due to the modification of
the Boltzmann equation from the dilaton and the non-criticalterms, with important consequences for the cosmological and
phenomenological implication of supersymmetric models. For
completeness in the same figure we display the Hubble expan-
sion rate H(z) and the deceleration q(z) as well as the variation
with time, da/dt , of the cosmic scale factor. We also display
the ratio |q|/g2s which as at late eras yields a precise relation of
the deceleration q with the string coupling constant gs [4,8].
With the above in mind, we can now proceed towards solv-
ing the system of the pertinent differential equations to find the
evolution of the super-critical string Universe. The details have
been given in [7] and will not be repeated. In that work the so-
lution has been expressed in terms of the Einstein time. Here
instead we solve the equations in terms of the redshift, rather
than the Einstein time, which is a much better parameter to use
for the numerical treatment as stated earlier. After doing this,
we shall discuss the compatibility of the non-critical string pre-
dictions with the cosmological data, as well as the modification
of the predictions for the CDM (Cold Dark Matter) abundances,
completing the analysis of [11]. The equations in terms of the
Einstein variable tE can be converted to those in which the rel-
evant independent parameter is the redshift, as we advertised,
through the redshift-time relation
(2.4)tE =
∞∫
z
dz
(1 + z)Hˆ
which in differential form is
(2.5)tE
dz
= − 1
(1 + z)Hˆ .
The latter can be inverted and integrated to yield the redshift as
a function of the Einstein time (and hence the cosmic time), if
so wished. As is well known, the relation of the redshift z to the
cosmic scale factor a is given by
(2.6)z + 1 = a0
a
.
If we want to relate it to the thermal history of the Universe
we recall that the total energy density of the radiation is given
by [16]
(2.7)ρr = π
2
30
geff(T )T
4,
where geff counts the relativistic degrees of freedom and T is
the temperature of the “photon gas”. This is measured by an-
tennas and satellites and its value today is accurately known,
TCMB = 2.725 K. Since aT and ρra4 remain constants, the
redshift-temperature relation is given by
(2.8)z + 1 =
(
geff(T )
geff(TCMB)
)1/4
T
TCMB
.
With the central value for TCMB quoted above, T/TCMB =
0.4257 × 1013 (T /GeV) if the temperature is given in GeV. For
temperatures lower than the neutrino decoupling temperature,
Td ≈ 2 MeV, we have
(2.9)geff = 2 + 7Nν
(
Tν
)
,4 T
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Tν/T = (4/11)1/3, in this temperature region, the value for geff
above is geff = 2.91, for two massless neutrino and antineutrino
species (Nν = 2) while it equals to geff = 3.37 if the third gener-
ation of neutrinos and antineutrinos is also considered massless
(Nν = 3). On the other hand, for high temperatures, well above
the typical supersymmetry breaking scale MS , geff ≈ 230 pro-
vided that we are below the GUT scale and the particle con-
tent is that of the minimal supersymmetric model. Therefore
for such high temperatures geff(T )/geff(TCMB) = 79 and the
redshift-temperature in this regime, MGUT > T > MS , is
(2.10)z + 1 = 1.27 × 1013 T
GeV
with T given in GeV. Eq. (2.10) merely states that to reach tem-
perature as large as 106 GeV one needs explore the solutions
of the cosmological equations for redshift values approaching
z ∼ 1019.
The initial inputs in solving the system of the first order dif-
ferential equations are the densities of the radiation, or equiva-
lently the cosmic microwave background temperature TCMB on
which this depends on as described previously, the matter and
the exotic matter densities today (z = 0), as well as the rescaled
Hubble constant h0 and the deceleration q0. Additional inputs
are the initial dilaton value φ0 and the value of w governing the
equation of state of the exotic matter. Regarding the initial value
of the central charge deficit Q0, we remind the reader that [6,7]
it is not an independent input, but is determined in terms of the
q0, h0, φ0 through a quadratic algebraic equation, which actu-
ally holds at all times, and is derived from the set of differential
equations at hand. Its form is given by
2Q2 − e−φHˆQ
(2.11)+ e−2φ
(
φ˙2 − 8Hˆ 2 − 3Hˆ φ˙ + 5
2
˜m + 12 p˜m
)
= 0
and it actually follows by combining all available equations.
This along with the equation giving the deceleration in terms of
the other parameters involved,
(2.12)
q = − 1
Hˆ 2
(
2
3
Hˆ 2 − 2
3
φ˙2 + e
φQ
3
(Hˆ + φ˙) − 1
2
˜m − 16 p˜m
)
,
are solved to yield the charge Q0, as well as the derivative φ˙0, in
terms of q0, h0, φ0 and the densities. Therefore the initial values
of the first order differential system (2.1) are completely known
(for more details see [7]).
The non-critical terms, as well as the dilaton density, al-
though non-thermal [11] do gravitate and are related to the
Hubble expansion rate through Eq. (2.2). If the total density
is denoted by ρtotal then it is convenient to define g˜eff by [11]
(2.13)ρtotal ≡ π
2
30
g˜effT
4.
Since 3Hˆ 2 = Ωtotal, by Eq. (2.2), the ratio g˜eff/geff is provided
by
(2.14)g˜eff = 3Hˆ
2
.geff ΩrThe significance of this ratio is that it explicitly appears in the
formula determining the freeze-out temperature and the relic
densities as has been shown in [11]. The solution of the string
cosmological equations determines the Hubble expansion rate
and the densities of all species involved and hence this ratio can
be extracted at any time, or redshift. Another important quan-
tity which significantly affects the relic density is a “reduction”
factor1 given by [11]
(2.15)R =
(
g˜∗eff
g∗eff
)1/2
exp
( xf∫
x0
Γ Hˆ−1
x
dx
)
.
The variable x, as usual, is the ratio x = T/mχ˜ and all quanti-
ties in the integral in Eq. (2.15) are considered as functions of x.
xf is the corresponding freeze-out point and x0 corresponds to
the present-day temperature of the Universe. Stars denote quan-
tities at the freeze-out point. In Eq. (2.15), Γ is a quantity which
equals to φ˙, if the species whose relic refers to is not coupled to
the non-critical terms, as we assume for matter (w = 0). How-
ever it receives additional contributions from the non-critical
terms in the case of the exotic matter contributions. The gen-
eral form of Γ is [11]: Γ (t) ≡ φ˙ − e−φ2 (gμνβ˜Gravμν + 2e2φβ˜φ)
where the beta function terms are given by gμνβ˜μν +2e2φβ˜φ =
−2(4φ¨ + 2φ˙2 + 9Hˆ φ˙ + 3(1 − q)Hˆ 2 + Qeφ(4φ˙ + 3Hˆ )).
The role of R is very significant since the relic density of
a particular species in the string model under consideration
follows by the one obtained in ordinary cosmology multiplied
by R. In fact we have shown in [11] that
(2.16)Ωχ˜h20 = R ×
(
Ωχ˜h
2
0
)
(0).
The quantity on the right, labelled by (0), is that derived in or-
dinary treatments usually approximated by
(2.17)(Ωχ˜h20)(0) = 1.066 × 109 GeV−1MP√g∗effJ ,
where J ≡ ∫ xf0 〈vσ 〉dx. The freeze-out point xf in the string
model which appear in the equations above turns out to be not
very different from the one obtained in the standard cosmology.
In fact xf is determined by a modified equation [11]
x−1f = ln
[
0.03824gs
MPmχ˜√
g∗eff
x
1/2
f 〈vσ 〉f
]
(2.18)+ 1
2
(
ln
g∗eff
g˜∗eff
)
+
xin∫
xf
Γ H−1
x
dx
in which the ratio given by Eq. (2.14) at the freeze point xf ,
and the integral
∫ xin
xf
Γ Hˆ−1
x
dx explicitly appear. In this integral
the upper end of the integration refers to a temperature the Uni-
verse had just after inflation. These two terms result to a shift
in xf from the one obtained in the ordinary cosmology. For
ordinary matter as well as dark matter, which do not directly
1 We call it reduction factor, as this will be our case discussed here, but in
general it can also be an “increase” factor if it happens to be larger than unity.
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w of the exotic matter close to w = 0.4, which is cosmologi-
cally preferred for reasons explained earlier, the contribution of
the last two terms in (2.18) little affect the freeze out point xf .
Actually we found that the contribution of these terms in the
r.h.s. of this equation is less than 10% of the total contribution
and almost insensitive to the MSSM inputs. This holds for both
hadronic matter and dark matter which means that their corre-
sponding freeze-out temperatures are shifted by small amounts.
The effect of the reduction factor R is however more drastic
and different in the DM and hadron cases. As is evident from
Eq. (2.15) R is affected by two terms which contribute in op-
posite directions, as we find in our numerical treatment. The
exponential factor tends to decrease but this is countered bal-
anced by the prefactor (g˜∗eff/g∗eff)
1/2 which tends to increase it.
For a typical MSSM case and having the neutralino as the LSP
dark matter candidate the exponent yields ≈ 0.015 while the
prefactor ≈ 6.0 resulting to R ≈ 0.1. For a hadron with typi-
cal mass of 1 GeV the corresponding numbers are ≈ 0.04 and
≈ 15.0 respectively, due to the fact that the freeze-out tem-
perature in the hadron case is smaller, resulting to a net effect
R ≈ 1/2. This conclusion is very important since it shows that
in the context of these string models supersymmetry can survive
the otherwise stringent constraints imposed by the cosmologi-
cal data concerning the relic abundance of dark matter. Regions
of the parameter space in which the relic density of the CDM in
ordinary cosmology is of order unity is not excluded now since
the reduction factor renders it to O(0.1). At the same time the
same reduction mechanism does not affect the relics of the ordi-
nary matter leaving the predictions for conventional matter relic
abundances unaffected.
In order to quantify our findings we solve Eqs. (2.1) taking
as independent variable the redshift rather tE as described ear-
lier. The initial conditions today, z = 0, are as follows. For the
rescaled Hubble constant and deceleration we take the central
values, h0 = 0.73, q0 = −0.61 while the Universe temperature
today is taken TCMB = 2.725 K. Moving within the experimen-
tal limits for these quantities causes little change. As stated
earlier TCMB yields the photon and neutrino energy densities
which contribute to Ω of Eq. (2.2). The remaining contribution
to Ω is the matter ΩM , characterised by an equation of state
constant w = 0 which include both baryonic density and dark
matter, and the “exotic” matter contribution Ωe whose w ≡ we
is in principle arbitrary allowing to vary within the model as
discussed earlier. We take as initial conditions ΩM = 0.238
and Ωe = 0 and for these inputs we get solutions which are
in agreement with the cosmological data provided we is close
to we = 0.4. The reduction factor associated with the relic den-
sity is of the order of O(0.1) which has dramatic consequences
for the relic density predictions in the Minimal Supersymmetric
Standard Model (MSSM). For the dilaton we can take φ0 = 0,
without loss of generality, since any non-zero initial value leads
to the same solutions with only a rescaled central charge deficit.
In Figs. 2–5 we present representative outputs in the m0–
M1/2 plane for fixed values of the A0 and tanβ and μ > 0. We
assume the constrained MSSM with universal boundary condi-
tions at the unification scale. The predictions of this model inFig. 2. In the thin green (grey) stripe the neutralino relic density is within
the WMAP3 limits 0.0950 < ΩCDMh2 < 0.1117, for values A0 = 0 and
tanβ = 10, according to the conventional calculation. The dashed–double dot-
ted line (in blue) delineates the boundary along which the Higgs mass is equal
to 114.0 GeV. The dashed lines (in red) are the 1σ boundaries for the allowed
region by the g − 2 muon’s data as shown in the figure. The dotted lines (in
red) delineate the same boundaries at the 2σ ’s level. In the hatched region
0.0950 > ΩCDMh2, while in the dark (red) region at the bottom the LSP is
a stau.
conjunction with the DM cosmological constraints has been the
subject of numerous studies in the past [17–24].
In Fig. 2, and for values A0 = 0, tanβ = 10, the thin dark
stripe (green) is the cosmologically allowed region by the
WMAP3 analysis 0.095 < ΩLSP < 0.1117, as it is calculated
in the conventional approach. We also display the allowed re-
gion by measurements of the muon’s anomalous magnetic mo-
ment constraint 1.91 × 10−9 < αμ < 3.59 × 10−9 at the 1σ
level [25]. The boundaries of this region are shown as dashed
lines (in red) on the left lower corner of the panel. The small
dotted line (in red) marks the boundary of the region for which
the lower bound has moved to its 2σ limit. The boundary of the
region mHiggs  114.0 GeV is also shown as a dashed double
dotted line (in blue). The allowed by the Higgs bounds lim-
its stand on the right of this line. In the hatched region below
the cosmologically allowed stripe the relic density gets values
lower than 0.095. The M1/2 axis has been cut at 160 GeV by
the lower experimental bound put by chargino searches.
The outputs presented in Fig. 2 should be contrasted with
those displayed in Fig. 3 where we see the same limits assuming
the new approach according to which the relic density suffers
a reduction. We clearly see that the new allowed region is now
shifted upwards and gets broadened moving therefore the cos-
mologically interesting region to higher m0 values and away
from the coannihilation region. This is due to the fact the re-
duction factor discussed previously stays almost constant, all
over the m0–M1/2 plane, getting values around 0.10. This be-
haviour is independent of the value xin appearing in Eq. (2.18)
determining the freeze point, provided that xin corresponds to
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density is reduced as described in the main text.
Fig. 4. In the very thin green (grey) stripe the neutralino relic density is within
the WMAP3 limits 0.0950 < ΩCDMh2 < 0.1117, for values of A0 = 0 and
tanβ = 40 shown in the figure, according to the conventional calculation. The
thin dark (purple) region lying above is the same region according to the new
calculation with the reduction factor for the MSSM inputs shown in the figure.
The remaining Higgs and g − 2 boundaries are as in Fig. 2. The hatched dark
(cyan) region on the left is excluded by b → sγ data.
redshift values larger than z ∼ 1015. We recall that the freeze-
out point, given by Eq. (2.18), is shifted by only 10%.
In Fig. 4 we present the same results for a different value
for tanβ = 40. We observe that the very thin cosmologically
allowed region of the traditional approach has been moved up-
wards (dark purple region) and gets broadened allowing for
values of m0 which are larger as compared to those of the tra-
ditional approach. The excluded region by b → s + γ data is
shown as a hatched dark (cyan) region. A relatively large re-Fig. 5. The same as in Fig. 4 for A0 = 0 and tanβ = 55.
gion compatible with both Higgs and g − 2 muon’s data and
also b → s + γ data is allowed characterised by larger m0 val-
ues as compared to the standard analysis. In Fig. 5 we take
tanβ = 55 and we observe that the cosmologically allowed re-
gion according to the traditional scheme (light green stripe on
the left) is now shifted upwards and to the right (dark purple
region). Even from this rather small, but characteristic, sample
it becomes apparent that conventional and super-critical string
cosmology occupy rather different regions of the allowable su-
persymmetric parameter space, thus strengthening considerably
the LHC potential for major discoveries.
As a last remark, in our treatment we find that, at tempera-
tures TN  1 MeV, radiation prevails over ordinary matter by
almost seven orders of magnitude as demanded by primordial
nucleosynthesis. It is worth noting that the radiation to mat-
ter ratio depends rather sensitively on the value of w and it is
remarkable that the cosmologically interesting values for w, ac-
cording to the current astrophysical data, coincide with those
for which the photon to matter ratio for successful primordial
nucleosynthesis is in the right ball park, while diluting at the
same time the LSP relics by factors of O(10).
3. Conclusions
In this Letter we have shown that Supercritical String Cos-
mologies (SSC) continue to provide a viable, dynamical frame-
work to describe our wondrous Universe. We have shown that
for the set of parameters that provided the best fit to all super-
novae data until recently, we predict a rather smooth evolution
of dark energy, for the last ten billion years, thus in accor-
dance with the very novel supernovae data [13]. Furthermore,
we have shown that superstring cosmology off-equilibrium and
time-dependent-dilaton effects [7,8], with all parameters fixed
as explained above, dilute the neutralino dark matter, density to
such a level that while it relaxes the severe constraints imposed
by conventional cosmology [14], still it keeps it in a SUSY pa-
A.B. Lahanas et al. / Physics Letters B 649 (2007) 83–90 89rameter space exploitable by LHC. The fact that such a highly
non-trivial dynamical framework as supercritical string cosmol-
ogy, manages to provide such a smooth varying dark energy,
while fits all other available astrophysical data, including pri-
mordial nucleosynthesis, and at the same time provides just
the “right” dilution factor in order that neutralino dark matter
continues to be the leading dark matter candidate [14,15], and
almost no dilution for baryons, is arguably remarkable. Clearly
this observable entanglement in supercritical string cosmology
involving dark energy and supersymmetric dark matter may
turn LHC to a smoking gun both for supersymmetry and su-
percritical strings.
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